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(g) Liquid crystal display element of optical writing type. 

(57) A liquid crystal display element of optical writing type, includes : a first transparent substrate (21a) ; a 
first transparent electrode layer (22a) formed on the first transparent substrate ; a photoconductive 
layer (23) formed on the first transparent electrode layer; a light absorbing layer (24) formed on the 
photoconductive layer ; a light reflecting layer (25) formed on the light absorbing layer and composed of 
a macro molecular film of cholesteric liquid crystal ; a second transparent substrate (21 b) ; a second 
transparent electrode layer (22b) formed on the second transparent substrate ; and a liquid crystal layer 
(26) disposed between the second transparent electrode layer and the light reflecting layer. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a liquid crystal 
display element of optical writing type, which is pref- 
erably utilized in a liquid crystal display apparatus of 
projection type. 

2. Description of the Related Arts 

In a liquid crystal display apparatus of projection 
type such as a projection type TV (television), a liquid 
crystal display element of optical writing type is 
utilized as a liquid crystal light valve. The inventors of 
the present application know one kind of such a liquid 
crystal display element, which is manufactured as fol- 
lowing. 

Namely, a first transparent electrode is formed on 
a first glass substrate. On this first transparent elec- 
trode, a photoconductive layer is formed of a hyuroge- 
nated amorphous silicon (a-Si:H). On this 
photoconductive layer, a light absorbing layer is for- 
med of a thin film of carbon or metal such as siver. On 
this light absorbing layer, a dielectric mirror is formed 
of multiple layered films of titanium dioxide/silicon 
dioxide, zinc sulfide/magnesium fluoride, for example. 
On this dielectric mirror, a first orientation film is for- 
med of a potyimide film which undergoes a molecular 
orientation treatment. 

On the other hand, a second transparent elec- 
trode is formed on a second glass substrate. On this 
second transparent electrode, a second orient ation 
film is formed. The first and second glass substrates, 
on which these fims are thus formed, are attached to 
each other through a spacer, and a liquid crystal is dis- 
posed between the first and second orientation films, 
so as to form the liquid crystal layer therebetween. 

On each of the outer surfaces of the first and sec- 
ond glass substrates, a reflection preventing film is 
formed so as to prevent the reflection of these glass 
surfaces. For the operation of thus constructed liquid 
crystal display element, an alternating voltage source 
is connected between the first and second transpa- 
rent electrodes. 

In the operation, when a laser beam as a writing 
light, is inputted to the liquid crystal display element 
from the side of the first glass substrate, the im- 
pedance of the photoconductive layer is reduced at an 
area which receives the laser beam. Thus, the orien- 
tation of the liquid crystal molecule is changed at this 
area since the voltage is applied to this area of the 
liquid crystal layer by the alternating voltage source. 

At other area of the photoconductive layer which 
does not receive the laser beam, the impedance of the 

tMitmiori of imp iiuuio crystal at this area is Kept <;o 
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ten in the liquid crystal display element according to 
the orientation change of each portion of the liquid 
crystal layer. 

Then, a projection light i.e. a light for reading out 

5 the image written in the liquid crystal layer, is inputted 
to the liquid crystal display element from the side of 
the second glass substrate through a light polarization 
plate, so that the reflection light of the projection light, 
which is reflected at the dielectric mirror and which 

10 polarization direction is selectively changed by the 
liquid crystal layer, is projected onto the screen after 
passing through the light polarization plate again. 

In the above mentioned case, the dielectric mirror 
is provided in the liquid crystal display element with 

15 a purpose to reflect the projection light toward the 
screen and, at the same time, to prevent the projec- 
tion light from entering the photoconductive layer by 
reflecting the projection light with a high reflection 
coefficient, so as not to change the impedance of the 

20 photoconductive layer by the projection light 

On the other hand, the light absorbing layer is pro- 
vided in the liquid crystal display element with a pur- 
pose to prevent the laser beam from reflecting again 
toward the photoconductive layer and, at the same 

25 time, to shut the projection light which has passed 
through the dielectric mirror. 

As described above, the light reflecting layer i.e. 
the dielectric mirror, is indispensable in the liquid crys- 
tal display element of optical writing type when it is 

30 utilized in the liquid crystal display apparatus of pro- 
jection type, and that, the dielectric mirror, which is 
made of insulation material to be reduced in conduc- 
tivity, is utilized as this light reflecting layer. Here, the 
dielectric mirror is formed by vapor-depositing multi- 

35 pie layers of insulation fims. 

However, the vapor-depositing technique to form 
the multiple layers of insulation films, is rather compli- 
cated and difficult, with bringing a drawback that the 
overall manufacturing processes of the liquid crystal 

40 display element are made quite complicated and time 
and cost consuming, besides the cell structure itself 
of the liquid crystal display element, is made quite 
complicated. 

45 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a liquid crystal display element of optical writ- 
ing type, which can be easily manufactured, and can 
so be made into a relatively simple structure. 

According to the present invention, the above 
mentioned object can be achieved by a liquid crystal 
display element of optical writing type, including: a 
first transparent substrate; a first transparent elec- 
trode layer formed on the first transparent substrate 

f^iectroae layer a nont aDsorDinq layer tormeci < >•■ 
unotoconauetive tayef, a nqnt reflecting layer for 
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med on the light absorbing layer and composed of a 
macro molecular film of cholesteric liquid crystal; a 
second transparent substrate; a second transparent 
electrode layer formed on the second transparent 
substrate; and a liquid crystal layer disposed between 
the second transparent electrode layer and the light 
reflecting layer. 

In the liquid crystal display element, the light ref- 
lecting layer is composed of a macro molecular film of 
cholesteric liquid crystal, which has a circular polari- 
zation dichroism. Accordingly, the production of the 
light reflecting layer is quite easy compared with the 
case of the aforementioned related art, so that the 
overall manufacturing processes of the liquid crystal 
display element can be made simplified, and at the 
same time, the cell structure of the liquid crystal dis- 
play element can be also made simplified. 

Further objects and advantages of the present 
invention will be apparent from the following descrip- 
tion of the preferred embodiment of the invention as 
illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a liquid crystal 
display element as a first embodiment of the pre- 
sent invention; 

Fig. 2 is a schematic constructional view of an 
optical system of a liquid crystal display 
apparatus employing the liquid crystal display 
element of Fig. 1 as a light valve; 
Fig. 3 is a cross sectional view of a liquid crystal 
display element as a second embodiment of the 
present invention; 

Fig. 4 is a schematic constructional view of an 
optical system of a liquid crystal display 
apparatus employing the liquid crystal display 
element of Fig. 3 as a light valve; and 
Fig. 5 is a cross sectional view of a liquid crystal 
display element as a third embodiment of the pre- 
sent invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention 
will be described below with reference to the accom- 
panying drawings. 

In Fig. 1, a liquid crystal display element of optical 
writing type, (liquid crystal light valve), is provided with 
a glass substrate 21a, and a transparent electrode 
film 22a. The transparent electrode film 22a includes 
layers of an ITO (Indium Tin Oxide) transparent con- 
ductive film and an SnC>2 (Tin Oxide) transparent con- 
ductive film, which are formed on the glass substrate 

by means of q spatterinq technique 
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hydrogenated amorphous silicon (a-Si:H) with a film 
thickness of 3 i^m, on the transparent electrode film 
22a. The photoconductrve layer 23 is formed by 
means of a plasma CVD technique using a silane gas 

5 (SiH 4 ) and a hydrogen gas (hy as a material gas. 

On the photoconductrve layer 23, a light absorb- 
ing layer 24 is formed of coating material of carbon 
dispersed type, as one kind of organic film. The light 
absorbing layer 24 is formed by coating i.e. by means 

w of a spinner coating technique using the coating ma- 
terial of carbon dispersed type, photo-polymerizing by 
a light exposure, and then burning for 1 hour with a 
burning temperature of 220 °C. 

This coating material of the carbon dispersed 

15 type, is made by dispersing the carbon black into an 
acrylic resin, and is formed to be a film with a film 
thickness of about 1 .0 um, with a resistivity of about 
10 7 Q cm, and with a photo-permeability of about 0.1 
% with respect to the visible light range. The photo- 

20 permeability and the resistivity of thus formed coating 
material of the carbon dispersed type, can be 
changed according to the amount of the dispersed 
carbon. Here, the photo- permeability is preferably not 
greater than 0.5 %, and the resistivity is not less than 

25 10 6 n-cm, for the light absorbing layer 24 formed of 
this kind of coating material of the carbon dispersed 
type. The present applicants have proposed a liquid 
crystal display element of optical writing type, which 
is provided with such a light absorbing layer made of 

30 coating material of the carbon dispersed type, in the 
U.S. Application serial No.689,332 filed on April 22, 
1991. 

On the light absorbing layer 24, a light reflecting 
layer 25 is formed of a macro molecular cholesteric 

35 liquid crystal having circular polarization dichroism. 
This light reflecting layer 25 is formed as following. 

Namely, at first, poly-D-glutamic acid n-butyl 
ester is mixed with triethylene glycol ic dimethacrylate 
as solution. Then, benzophenone is added to it as 

40 photosensitization whie stirring it, and two glass sub- 
strates are positioned to sandwich it Then, a macro 
molecular cholesteric liquid crystal film 25L is finally 
formed by exposing it with an ultra violet ray under a 
predetermined temperature so as to photo-poryme- 

45 rize it in a planar orientation. 

At this time, since the film thickness of the thus 
formed film is about 0.2 mm, the refractive index is 
about 1 .5 and the anisotropy of the refractive index is 
about 0.1, by setting the pitch 0.37 ^m, the light ref- 

50 lecting layer 25 is adapted to reflect a levorotatory 
component of the light having a wavelength range of 
550 nm ± 20 nm. This pitch indicates a length when 
the spiral of the liquid crystal is rotated by 360°, and 
a light having a specific wavelength can be selectively 

55 reflected by the light reflecting layer 25. according to 

r -presents trie wnveienqtri n represents trie retrar 
fiotn. l> represents the pitch, ano tf represents trie 
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incident angle of the light). In the same manner as 
described above, a macro molecular liquid crystal film 
25S is formed which is adapted to reflect the dext- 
rorotatory component of the light by use of a poty-L- 
glutamic acid n-butyl ester. 

Then, thus formed macro molecular liquid crystal 
films 25L and 255 are attached together to form the 
light reflecting layer 25 (notch filter) which can reflect 
the light having a wavelength of 550 nm ± 20 nm and 
is disposed on the light absorbing layer 24. 

On the light reflecting layer 25, a liquid crystal 
layer 26 is disposed. As the liquid crystal layer 26, a 
scattering type liquid crystal compound film is utilized 
here. This liquid crystal compound film is formed as 
following. Namely, a homogeneous solution is made 
by mixing 30 wt% of bifunctional acryiate (HX-620 
made by Nippon Kayaku Co., Ltd., for example) which 
is an UV (ultraviolet) polymerization compound, 70 
wt% of nematic liquid crystal (ZLI-3201-000 made by 
Merck Co., Inc., for example), and a small amount of 
polymerization initiator (Damnum 1173 made by 
Merck Co., Inc.), and is filtered. Then the filtered, sol- 
ution is spinner-coated onto the light reflecting layer 
25 with a film thickness of 10 urn, and is exposed by 
ultra-violet ray so as to photo-polymerize it. 

On the liquid crystal layer 26, an opposing layered 
body of a transparent electrode him 22b and a glass 
substrate 21b is disposed. This opposing layered 
body is formed as following. Namely, the transparent 
electrode film 22b is formed of an ITO transparent 
conductive film on the glass substrate 21 b, by means 
of a spattering technique. 

On the outer side surface of the glass substrates 
21a and 21b, reflection preventing fims 27a and 27b 
are respectively formed, in order to prevent the light 
reflection on these outer side surfaces of the glass 
substrates 21a and 21 b, by means of a vapor-deposi- 
ting technique. The liquid crystal display element is 
adapted such that an alternating voltage can be 
applied between the transparent electrode films 22a 
and 22b by an alternating voltage source 28. 

In a condition that this alternating voltage is sup- 
plied from the alternating voltage source 28, when a 
laser beam L1 is inputted to the liquid crystal display 
element from the side of the glass substrate 21a, the 
impedance of the photoconductive layer 23 is reduced 
at an area that receives the laser beam L1 , so that the 
alternating voltage supplied by the alternating voltage 
source 28 is applied to the liquid crystal layer 26 
through the films 22a and 22b, and the orientation of 
the liquid crystal molecule is changed at this area. On 
the other hand, at other area that does not receive the 
laser beam L1 , the impedance of the photoconductive 
layer 23 is not changed, so that the liquid crystal 
molecule in the liquid crystal layer 26 keeps its original 

ippntatinn 'vendition V remjK ^ r«. vc* 
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In the above mentioned embodiment, the acrylic 
resin is utilized as the coating material of the carbon 
dispersed type for the light absorbing layer 24. A 
polyamide or a polyimide can be utilized as a photo- 

5 polymerizing type, and an epoxy resin can be utltzed 
as a heat-polymerizing type for the light absorbing 
layer 24. The pitch of the light reflecting layer 25 
(notch filter) can be easily and desirably changed by 
changing the temperature at the polymerization pro- 

w cess, the type of the solution, or the mixing ratio of the 
solution and the liquid crystal material, and thus the 
wavelength of the light to be reflected can be also 
freely changed. Accordingly, by combining a plurality 
of the reflection layers having different wavelength 

15 characteristics, the liquid crystal display element of 
the present embodiment can be adapted to deal with 
color image display. In the above mentioned embodi- 
ment, the order of the aforementioned levororation 
and dextrorotation as for the light reflecting layer 25 

20 may be reversed. 

As a liquid crystal display mode of the liquid crys- 
tal layer 26, any one of a dynamic scattering mode, a 
guest host mode, and a phase transition mode can be 
utilized in place of the scattering mode of the liquid 

25 crystal layer 26 in the present embodiment. 

Fig. 2 shows the main construction of the optical 
system of a liquid crystal display apparatus of projec- 
tion type, which employs the liquid crystal display ele- 
ment of the above described embodiment of Fig. 1 , as 

30 a light modulating device (light valve). 

In Fig. 2, the reference numeral 31 designates the 
liquid crystal display element of Fig. 1, in which the 
image is formed in advance, as above mentioned. 
Namely, the image forming process is performed in 

35 advance, by inputting the laser beam 32 from the side 
of the glass substrate 21a (Fig. 1) through the lens 33. 
Here, in place of the laser beam 32, a light emitted 
from a CRT, a flat panel display (liquid crystal, PDP, 
LED etc.) may be utilized as the writing light 

40 At this condition, a projection light as a reading 

light from a light source 34 is inputted to the liquid 
crystal display element 31 from the side of the glass 
substrate 21 b (Fig. 1), through a lens 35, a mirror 36 
and a lens 37. At the area of the liquid crystal layer 26 

45 (Fig. 1) in the liquid crystal display element 31 where 
the orientation of the liquid crystal molecule is kept in 
its original state, the inputted light is scattered and 
does not return to a lens 37, so that the area on a 
screen 39 corresponding to this area becomes in a 

so dark condition. On the other hand, at the area of the 
liquid crystal layer 26 (Fig. 1) where the orientation of 
the liquid crystal molecule is changed, since the liquid 
crystal layer 26 becomes transparent, a portion of the 
inputted tight having a specific wavelength (550 nm ± 

55 20 nm) is selectively reflected by the light reflecting 

•m the liquid crystal display element ^ ^ inputted 
it 1 lens ,u> viri me iens >; . -jsiu is magnified tnere 
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Consequently, the image written in the liquid crystal 
display element 31 is projected onto the screen 39. 

In this liquid crystal display apparatus, as shown 
in Fig. 2, since a polarization beam splitter, which is 
employed in the liquid crystal display apparatus of Fig. 5 
4 and explained later, is omitted, the image projected 
onto the screen 39 can be made bright by the amount 
corresponding to this absence of the beam splitter. 

Fig. 3 shows another liquid crystal display ele- 
ment as a second embodiment of the present inven- 10 
tion. 

In Fig. 3, a liquid crystal display element of optical 
writing type, is provided with a glass substrate 41a, 
and a transparent electrode him 42a. The transparent 
electrode film 42a includes layers of an ITO transpa- 1 s 
rent conductive him and an Sn0 2 transparent conduc- 
tive fHm, which are formed on the glass substrate 41a 
by means of a spattering technique. 

The liquid crystal display element is also provided 
with a photoconductive layer 43, which consists of a 20 
hydrogenatftd amorphous s 3 icon (a Si:H) with a film 
thickness of 3 um, on the transparent electrode film 
42a. The photoconductive layer 43 is formed,by 
means of a plasma CVD technique using a silane gas 
(SiH 4 ) and a hydrogen gas (HJ as a material gas. 25 

On the photoconductive layer 43, a light absorb- 
ing layer 44 is formed of coating material of carbon 
dispersed type, as one kind of organic flm. The light 
absorbing layer 44 is formed by coating i.e. by means 
of a spinner coating technique using the coating ma- 30 
terial of carbon dispersed type, photo-polymerizing by 
a light exposure, and then burning for 1 hour with a 
burning temperature of 220 °C. 

This coating material of the carbon dispersed 
type, is made by dispersing the carbon black into an 35 
acrylic resin, and is formed to be a flm with a film 
thickness of about 1. 0 um, with a resistivity of about 
10 7 11 cm, and with a photo-permeability of about 0.1 
% with respect to the visible light range. The photo- 
permeability and the resistivity of thus formed coating 40 
material of the carbon dispersed type, can be 
changed according to the amount of the dispersed 
carbon. Here, the photo-permeablity is preferably not 
greater than 0.5 %, and the resistivity is not less than 
10* n cm, for the light absorbing layer 44 formed of 45 
this kind of coating material of the carbon dispersed 
type (as explained in the aforementioned U. S. Appli- 
cation serial No.689,332). 

On the light absorbing layer 44, a light reflecting 
layer 45 is formed of a macro molecular cholesteric so 
liquid crystal having circular polarization dichroism. 
This light reflecting layer 45 is formed as following. 

Namely, at first, poly-D-glutamic acid n- butyl 
ester is mixed with triethylene glycol ic dimethacrylate 
as solution. Then, benzophenone is added to it as 55 

rites riu- positioned to sanowK-fi ■ inner 



formed by exposing it with an ultra violet ray under a 
predetermined temperature so as to photo-polyme- 
rize it in a planar orientation. 

At this time, since the flm thickness of the thus 
formed film is about 0.2 mm, the refractive index is 
about 1.5 and the anisotropy of the refractive index is 
about 0.1 , by setting the pitch 0.37 um, the light ref- 
lecting layer 45 is adapted to reflect a levorotatory 
component of the light having a wavelength range of 
550 nm ± 20 nm. This pitch indicates a length when 
the spiral of the liquid crystal is rotated by 360°, and 
a light having a specific wavelength can be selectively 
reflected by the light reflecting layer 45, according to 
the Bragg's reflection condition {X = n p-cosO, wherein 
X represents the wavelength, n represents the refrac- 
tive index, p represents the pitch, and 0 represents the 
incident angle of the light). In the same manner as 
described above, a macro molecular liquid crystal flm 
45S is formed which is adapted to reflect the dext- 
rorotatory component of the light by use of a poly-L- 
glutamk; acid n-butyi ester. 

Then, thus formed macro molecular liquid crystal 
films 45L and 45S are attached together to form the 
light reflecting layer 45 (notch filter) which can reflect 
the light having a wavelength of 550 nm ± 20 nm and 
is disposed on the light absorbing layer 44. 

On the light reflecting layer 45, an orientation flm 
46a is formed. The orientation flm 46a is formed by 
spinner-coating a polyimide film and rubbing it as an 
molecular orientation treatment 

The orientation film 46a and an opposing layered 
body, which consists of an orientation film 46b, a 
transparent electrode flm 42b and a glass substrate 
41b, are attached together through a spacer 47, as 
shown in the figure. This opposing layered body is for- 
med as following. Namely, the transparent electrode 
film 42b is formed of an ITO transparent conductive 
film on the glass substrate 41b, by means of a spat- 
tering technique. Then, the orientation flm 46b is for- 
med on the transparent electrode film 42b, in the 
same manner as the orientation film 46a 

The thickness of the space between the orien- 
tation films 46a and 46b is about 6 ^m, to which a 
liquid crystal is introduced and packed to form a liquid 
crystal layer 48. As the liquid crystal for the liquid crys- 
tal layer 48, a phenyle cyclo-hexane type nematic 
liquid crystal is employed, so that the hybrid electric 
field effect mode is enabled as the operation mode of 
the liquid crystal display element of the present embo- 
diment. 

On the outer side surface of the glass substrates 
41a and 41b, reflection preventing films 49a and 49b 
are respectively formed, in order to prevent the light 
reflection on these outer side surfaces of the glass 

substrates 41 a and 41 b. by means of a vapor-deposv 
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and 42b by an alternating voltage source 50. 

In the above mentioned embodiment the acrylic 
resin is utilized as the coating material of the carbon 
dispersed type for the light absorbing layer 44. A 
polyamide or a polyimide can be utiized as a photo- 
polymerizing type, and an epoxy resin can be utilized 
as a heat-polymerizing type for the light absorbing 
layer 44. 

As a liquid crystal display mode for the nematic 
liquid crystal as in the liquid crystal layer 48 of the pre- 
sent embodiment either of a twisted nematic mode 
and an electric field effect induction birefringence 
mode, can be utilized in place of the hybrid electric 
field effect mode of the present embodiment 

As the liquid crystal for the liquid crystal layer 48, 
a ferroelectric liquid crystal, anti-ferroelectric liquid 
crystal, or a smectic liquid crystal having eiectroclinic 
effect can be utilized in place of the nematic liquid 
crystal of the present embodiment 

In a condition that the alternating voltage is sup- 
plied from the alternating voltage source 50, when c 
laser beam L1 is inputted to the liquid crystal display 
element from the side of the glass substrate 41a, the 
impedance of the photoconductive layer 43 is reduced 
at an area that receives the laser beam L1 , so that the 
alternating voltage supplied by the alternating voltage 
source 50 is applied to the liquid crystal layer 48 
through the films 42a and 42b, and the orientation of 
the liquid crystal molecule is changed at this area. On 
the other hand, at other area that does not receive the 
laser beam L1 , the impedance of the photoconductive 
layer 43 is not changed, so that the liquid crystal 
molecule in the liquid crystal layer 48 keeps its original 
orientation condition. As a result an image corre- 
sponding to the laser beam L1 as the writing light is 
formed in the liquid crystal layer 48. 

Fig. 4 shows the main construction of the optical 
system of a liquid crystal display apparatus of projec- 
tion type, which employs the liquid crystal display ele- 
ment of the above described embodiment of Fig. 3, as 
a light modulating device. 

In Fig. 4, the reference numeral 51 designates the 
liquid crystal display element of Fig. 3, in which the 
image is formed in advance, as above mentioned. 
Namely, the image forming process is performed in 
advance, by inputting the laser beam 52 from the side 
of the glass substrate 41 a (Fig. 3) through the lens 53. 
Here, in place of the laser beam 52, a light emitted 
from a CRT, a flat panel display (liquid crystal, PDP, 
LED etc.) may be utilized as the writing light 

At this condition, a projection light as a reading 
light from a light source 54 is inputted to the liquid 
crystal display element 51 from the side of the glass 
substrate 41b (Fig. 3), through a lens 55, and a pol- 
arization beam splitter 56. At the area of the liquid 
wstal l?»ver 48 (Tin ^) in Nip ligu>H rvst^l 1 !<;;>' * , *»u 
in* : ! a •( lentHtKJi : ; i •»• iiuuki « rvsta 



zation direction is not changed with respect to this 
inputted light, the reflection light having a specific 
wavelength and reflected by the light reflecting layer 
45, can not pass through the beam splitter 56, so that 

5 the area on a screen 58 corresponding to this area 
becomes in a dark condition. On the other hand, the 
reflection light passing through the area of the liquid 
crystal layer 48 (Fig. 3) where the orientation of the 
liquid crystal molecule is changed, since the polari- 

w zation direction is changed due to the electric optical 
effect the reflection light reflected from the light ref- 
lecting layer 45 can pass through the beam splitter 56. 
Then, in Fig. 4, the reflected light from the liquid crys- 
tal display element 51 is inputted to the lens 57 via the 

15 lens beam splitter 56, and is magnified there. Conse- 
quently, the image written in the liquid crystal display 
element 51 is projected onto the screen 58. 

Fig. 5 shows another liquid crystal display ele- 
ment as a third embodiment of the present invention. 

20 In Fig. 5, a I iqu id crystal display element of optical 

writing type, is provided with a glass substrate 61a, 
and a transparent electrode film 62a. The transparent 
electrode film 62a includes layers of an ITO transpa- 
rent conductive film and an Sn0 2 transparent conduc- 
es tive film, which are formed on the glass substrate 61 a 
by means of a spattering technique. 

The liquid crystal display element is also provided 
with a photoconductive layer 63, which consists of a 
hydrogenated amorphous silicon (a-Si:H) with a fim 

30 thickness of 3 urn, on the transparent electrode fim 
62a. The photoconductive layer 63 is formed by 
means of a plasma CVD technique using a silane gas 
(SiH 4 ) and a hydrogen gas (HJ as a material gas. 
On the photoconductive layer 63, a light absorb- 

35 ing layer 64 is formed of coating material of carbon 
dispersed type, as one kind of organic film. The light 
absorbing layer 64 is formed by coating i.e. by means 
of a spinner coating technique using the coating ma- 
terial of carbon dispersed type, photo-polymerizing by 

40 a light exposure, and then burning for 1 hour with a 
burning temperature of 220 °C. 

This coating material of the carbon dispersed 
type, is made by dispersing the carbon black into an 
acrylic resin, and is formed to be a film with a film 

45 thickness of about 1.0 ^m, with a resistivity of about 
1 0 7 Q cm, and with a photo-permeability of about 0. 1 
% with respect to the visible light range. The photo- 
permeability and the resistivity of thus formed coating 
material of the carbon dispersed type, can be 

50 changed according to the amount of the dispersed 
carbon. Here, the photo- permeability is preferably not 
greater than 0.5 %, and the resistivity is not less than 
10 6 Q cm, for the light absorbing layer 64 formed of 
this kind of coating material of the carbon dispersed 

55 type (as explained in the aforementioned M S Appli 
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includes a macro molecular cholesteric liquid crystal 
layer 65S and a low molecular choJesteric liquid crys- 
tal layer 65L, wherein the low molecular cholesteric 
liquid crystal layer 65L serves also as a liquid crystal 
layer of the present embodiment The macro molecu- 
lar cholesteric liquid crystal layer 65S is formed as fol- 
lowing. 

Namely, at first, poly-L-ojutamic acid n- butyl ester 
is mixed with triethylene glyceric dimethacrylate as 
solution. Then, benzophenone is added to it as photo- 
sensitization while stirring it, and two glass substrates 
are positioned to sandwich it Then, a macro molecu- 
lar cholesteric liquid crystal layer 65S is finally formed 
on the light absorbing layer 64 by exposing it with an 
ultra violet ray under a predetermined temperature so 
as to photo-polymerize it in a planar orientation. 

At this time, since the film thickness of the thus 
formed flm is about 0.2 mm, the refractive index is 
about 1 .5 and the anisotropy of the refractive index is 
about 0.1, by setting the pitch 0.37 jim, the light ref- 
lecting layer 65 is adapted to reflect a dextrorotatory 
component of the light having a wavelength range of 
550 nm ± 20 nm. This pitch indicates a length when 
the spiral of the liquid crystal is rotated by 360°, and 
a light having a specific wavelength can be selectively 
reflected by the light reflecting layer 65, according to 
the Bragg 's reflection condition (X = n p-cosG. wherein 
X represents the wavelength, n represents the refrac- 
tive index, p represents the pitch, and 0 represents the 
incident angle of the light). 

On the macro molecular cholesteric liquid crystal 
layer 65S, the low molecular cholesteric liquid crystal 
layer 65L is formed. As the low molecular liquid crystal 
for the low molecular cholesteric liquid crystal layer 
65U a cholesteric oleyl carbonate (COC) is used, to 
which a nematic liquid crystal (3090 made by Roche 
Co. Inc.) having a structure of not less than three 
members ring including chlorine in the molecular 
minor axis direction, so as to enable driving the low 
molecular cholesteric liquid crystal layer 65L by two 
frequencies. Here, the product (p n) of the pitch (p) 
and the refractive index (n) of the low molecular 
cholesteric liquid crystal layer 65L is made equal to 
that of the macro molecular cholesteric liquid crystal 
layer 65S, while the direction of the spiral of the low 
molecular cholesteric liquid crystal layer 65L is oppo- 
site to that of the macro molecular cholesteric liquid 
crystal layer 65S. The cell thickness of the low 
molecular cholesteric liquid crystal layer 65L is 6 ^m. 
The cell thickness of the macro molecular cholesteric 
liquid crystal layer 65S is 0.2 mm. 

On the low molecular cholesteric liquid crystal 
layer 65L with a spacer 66, an opposing layered body 
of a transparent electrode film 62b and a glass sub- 
strate 61b is disposed. This opposing layered body is 
f ormRd following Namelv >r msp 
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spattering technique. 

On the outer side surfaces of the glass substrates 
61a and 61 b, reflection preventing films 67a and 67b 
are respectively formed, in order to prevent the light 

5 reflection on these outer side surfaces of the glass 
substrates 61 a and 61 b, by means of a vapor-deposi- 
ting technique. The liquid crystal display element is 
adapted such that an alternating voltage can be 
applied between the transparent electrode films 62a 

w and 62b by an alternating voltage source 68. 

In the above mentioned embodiment, the acrylic 
resin is utilized as the coating material of the carbon 
dispersed type for the light absorbing layer 64. A 
polyamkJe or a polyimide can be utilized as a photo- 

15 polymerizing type, and an epoxy resin can be utilized 
as a heat-polymerizing type for the light absorbing 
layer 64. 

In the present embodiment, though the dext- 
rorotatory liquid crystal is used for the macro molecu- 

20 lar cholesteric liquid crystal layer 65S while the 
levorotatory liquid crystal is used for the low molecular 
cholesteric liquid crystal layer 65L in combination, the 
levorotatory liquid crystal may be used for the macro 
molecular cholesteric liquid crystal layer 65S while 

25 the dextrorotatory liquid crystal may be used for the 
low molecular cholesteric liquid crystal layer 65L in 
combination. 

In a condition that the alternating voltage is sup- 
plied from the alternating voltage source 68, when a 

30 laser beam L1 is inputted to the liquid crystal display 
element from the side of the glass substrate 61a, the 
impedance of the photoconductive layer 63 is 
reduced at an area that receives the laser beam L1, 
so that the alternating voltage supplied by the alter- 

35 nating voltage source 68 is applied to the low molecu- 
lar cholesteric liquid crystal layer 65L through the 
films 62a and 62b, and the orientation of the liquid 
crystal molecule is changed at this area. On the other 
hand, at other area that does not receive the laser 

40 beam L1 , the impedance of the photoconductive layer 
63 is not changed, so that the liquid crystal molecule 
in the low molecular cholesteric liquid crystal layer 
65L keeps its original orientation condition. Namely, 
in the present embodiment the light having a set pre- 

45 scribed wavelength is selectively reflected, and this 
condition is broken when the voltage is applied, so 
that the inputted light is scattered at the low molecular 
cholesteric liquid crystal layer 65L. As a result, an 
image corresponding to the laser beam L1 as the writ- 

so ing light, is formed in the low molecular cholesteric 
liquid crystal layer 65L. Erasing the image written in 
the low molecular cholesteric liquid crystal layer 65L 
can be executed by applying a high frequency. 

A structure and an operation of a liquid crystal dis- 
ss play apparatus of projection type employing the 

■ , r \ i kj ru modulatinq device, are sunstantiaiiv sarrv 
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apparatus is omitted. 

In the above described embodiments, the glass 
substrate is utilized as the transparent substrate. 
However, this is not necessary, but an optical fiber 
plate made of optical fibers etc., may be utilized to 
form the transparent substrate, in place of the glass 
substrate. 

As described above in detail, according to those 
embodiments of the present invention, each light ref- 
lecting layer 25, 45, 65S can be formed of a macro 
molecular film of cholesteric liquid crystal, which has 
a circular polarization dichroism. Accordingly, the pro- 
duction of the light reflecting layer is quite easy com- 
pared with the case of the aforementioned related art, 
so that the overall manufacturing processes of the 
liquid crystal display element can be made simplified, 
and at the same time, the cell structure of the liquid 
crystal display element can be also made simplified. 

Many widely different embodiments of the pre- 
sent invention may be constricted without departing 
from the spirit and scope of the presAnt Invention. !t 
should be understood that the present invention is not 
limited to the specific embodiments described in this 
specification, except as defined in the appended 
claims. 



Claims 

1. A liquid crystal display element of optical writing 
type, characterized in that said liquid crystal dis- 
play element comprising: 

a first transparent substrate (21a); 

a first transparent electrode layer (22a) for- 
med on said first transparent substrate; 

a photoconductive layer (23) formed on 
said first transparent electrode layer; 

a light absorbing layer (24) formed on said 
photoconductive layer, 

a light reflecting layer (25) formed on said 
light absorbing layer and composed of a macro 
molecular fHm of cholesteric liquid crystal; 

a second transparent substrate (21 b); 

a second transparent electrode layer (22b) 
formed on said second transparent substrate; 
and 

a liquid crystal layer (26) disposed be- 
tween said second transparent electrode layer 
and said light reflecting layer. 



of said macro molecular films is dextrorotatory 
type. 

4. A liquid crystal display element according to 
5 Claim 1, characterized in that said liquid crystal 

layer comprises a scattering type liquid crystal 
compound film. 

5. A liquid crystal display element according to 
10 Claim 1, characterized in that said liquid crystal 

display element further comprises: 

a first orientation film (46a) formed on said 
light reflecting layer (45); and 

a second orientation fHm (46b) formed on 
15 said second transparent electrode layer (42b). 

6. A liquid crystal display element according to 
Claim 5, characterized in that said liquid crystal 
layer (48) comprises a nematic liquid crystal. 

20 

7. A liquid crystal dispiay eiement according to 
Claim 1, characterized in that said liquid crystal 
layer (65L) comprises a low molecular film of 
cholesteric liquid crystal, which spiral direction is 

25 opposite of that of said macro molecular film 

(65S) and is adapted to reflect a light in cooper- 
ation with said macro molecular film. 

8. A liquid crystal display element according to 
30 Claim 7, characterized in that a product of a pitch 

and a refractive index of said low molecular film 
is equal to that of said macro molecular film. 

9. A liquid crystal display element according to 
35 Claim 1, characterized in that said liquid crystal 

display element further comprises: 

a first reflection preventing film (27a) for- 
med on said frst substrate at the other side of said 
second transparent substrate; and 
40 a second reflection preventing film (27b) 

formed on said second substrate at the other side 
of said first transparent substrate. 

45 10. A liquid crystal display element according to 
Claim 1 , characterized in that said light absorbing 
layer comprises a coating material of carbon dis- 
persed type. 

11. A liquid crystal display element which is optically 
writable from one side and optically readable from 
the other, wherein a light reflecting layer (25; 45; 
65) is formed on a frst electrode-carrying trans- 
parent substrate (21 a; 41 a; 61 a) on said one side 
of the element for reflecting read ing light transmit 

i: suostrate : : -lit:- M r> > < >n shiu otner sio* 
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2. A liquid crystal display element according to 
Claim 1 , characterized in that said light reflecting 
layer includes two macro molecular films (25S, 
25L). 

55 
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(26; 48; 65L) disposed between said first and sec- 
ond substrates, characterised in that said light 
reflecting layer comprises a macro molecular film 
of chotesteric liquid crystal 

5 
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